A variety of plant sphingolipids have been isolated and characterized. Somemembersof this class are known to exist as ceramide hexosides containing D-glucose and D-mannose residues, and those derived from wheat flour or grain have been studied more elaborately than other plant sphingolipids.1~7) The carbohydrate sequences of the isolated glycosphingolipids were degradatively analyzed and the anomeric configurations of glycosidic linkages were identified by chromic acid oxidation as well as measurement of optical rotation.4~7) The reported structures of wheat flour ceramide di-, tri-, and tetrahexosides (1, 2, and 3) are shown in Scheme 1. The D-mannose containing glycosphingolipids have also been isolated from shellfish and identified to be the congeners of 1, 4, and 5.
Few papers have described on the biological functions of these ceramide hexosides, probably owing to the difficulties in biotesting them.
Heterogeneity of the component ceramides in this class of compounds offers another difficulty in studying them. We planned to synthesize the glycosphingolipids of defined structure by the unambiguoussynthetic route since we had been interested in the unique D-mannose containing structures as well as their potential importance of the biological roles. Wedescribe here the total synthesis of the ceramide dihexosides8) 1 and its streoisomer 6 in detail, the latter containing a Man a(l ->4)Glc linkage that has not yet been found in plant glycosphingolipids.
Results and Discussion In a previous paper,9) we described a practical and stereoselective synthesis of (2S,3S, 4jR)-7V-tetracosanoyl-2-amino-1 ,3,4-octadecantriol 7, one of the major constituents of wheat flour glycosphingolipids, and further conversion of it into the corresponding Scheme 1. To whominquiries should be addressed. (1/CH 151.4Hz).
Compound 31 was deacetylated with methanolic NaOMe and purified by column chromatography on Sephadex LH-20 in pyridine to complete the total synthesis of the ceramide dihexoside 1. The structure of the synthetic sample was confirmed by the 1H-NMRspectrum recorded in pyridine-<i5 after exchanging several times with pyridine<i5-D2O (Fig. la) . The stereoisomeric glycosphingolipid 6 was also synthesized as follows.
The ceramide 8 was glycosylated with the trichloroacetimidate 10 in the presence of BF3-OEt2 to give 32in a 25% yield. 13C-NMR spectrum of 32 showed the signal for C-1a at 99.7ppm with VCH 161.0Hz, along with the signal for C-lb at 100.3ppm with 1Jcn 173.3 Hz, so that the newly introduced anomeric center was the /?-d configuration.
The compound 32 was deprotected to give 6, which gave spectral data in good agreement with the proposed structure (Fig. lb) chromatography was done on columns of silica gel (Merck, 70-230 mesh), and flash chromatography was done on columns of Wako gel C-300 (200-300 mesh). TLC and high-performance TLCwere done on silica gel 60F254 (Merck, Darmstadt). Molecular sieves 4A and AW300 were purchased from Nakarai Chemicals, Ltd. and Union Showa Ltd., respectively. NMRspectra were recorded with a JNM-GX400, JNM-FX100FT, or JNM-FX90Q NMR spectrometer for a solution in CDC13, unless noted otherwise. The values of Sc and <5H are expressed in ppm downwards from the signal for internal Me4Si.
2,2,2-Trichloroethyl 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside (12) and 2,2,2-trichloroethyl 2,3,4,6-tetra-Oacetyl-p-D-mannopyranoside (13). To a solution of 2,2,2-trichloroethyl tri-rc-butyltin oxide (4.40 g, l l.O mmol) and
was added dropwise a solution of compound ll (3.85g,
at 0°C, and the mixture was stirred at 0°C~room temperature for 16 hr. The mixture was diluted with AcOEt (1 1), poured into aq. NaHCO3-KF, stirred for 1 hr at room temperature, and filtered through Celite. The organic layer was washed successively with aq. KF, and aq. 5% NaHCO3, water, and satd. brine, dried (MgSO4), and evaporated in vacuo. Chromatography of the residue (SiO2, AcOEt-toluene = 3:7) gave compound 12 (2.23g, 47%) as crystals and compound 13 (543mg, 11%). 2,2,2-Trichloroethyl 4,6-O-benzylidene-a-n-mannopyranoside (15) . To a solution of compound 14 (351mg, 1. 13 mmol) and a,a-dimethoxytoluene (377 mg, 2.48 mmol) in DMF(2 ml) was added a catalytic amount ofTsOH H2O and the mixture wasstirred for 16 hr at roomtemperature. The mixture was diluted with Et2O (50ml), and washed successively with aq. 5%NaHCO3,water, and satd. brine, dried (MgSO4), and evaporated in vacuo. Chromatography of the residue (SiO2, AcOEt-toluene = 2 : 3) gave crystalline compound 15 (209mg, 46% The resulting crude bromide 23 was used for the next step without further purification. To a mixture of 24 (562mg, 1.04mmol), silver silicate (2g), and molecular sieves 4A (2g) in dichloromethane (4ml) was dropwise added the crude bromide 23 in dichloromethane (l ml) at -50°C. 3.732 (1H, d, 7=2.7Hz, 3.700 (1H, dd, 7=2.7 and ll.5Hz, 3.623 (1H, t, 7=8.8Hz, 3.616 (1H, dd, 7=4.4 and ll.8Hz, 3.469 (1H, dd, 7=1.5 and 7.6Hz, m, m, 3.234 (1H, dd, 7=2.7 and9.5Hz, (31). To a mixture of compound 9 (68 mg, 87 /xmol), compound 8 (91 mg, 104/miol), and molecular sieves AW300(500 mg) in dichloromethane (0.7ml) was added 10% BF3 Et2O in dichloromethane (160//I, 130/miol) under an atmosphere of Ar and the mixture was stirred for 16hr at room temperature. The mixture was diluted with AcOEt (50 ml), washed successively in aq. 5% NaHCO3, water, and satd. brine, dried (MgSO4), and evaporated in vacuo. Chromatography of the residue (SiO2, THF-rc-hexane= 3 : 7) gave compound 31 (59mg, 45%) and recovered compound 8 (54mg 
